Abstract In an attempt to identify a cohort with a high risk of suffering a fracture of the contralateral hip (second hip fracture), we assessed patients who had suffered hip fracture. A total of 714 patients (130 men and 584 women) were prospectively followed to determine those who suffered a second hip fracture. Pathologic hip fractures and fractures that emerged from high-energy trauma were excluded from the analysis. Age, gender, Singh Index (SI), fracture type, cognitive impairment, and comorbid medical conditions were investigated as medical predictors. The 714 patients were observed for 1,579.5 person-years (mean: 2.4±1.4 years per patient). During the observation period, 45 second hip fractures were identified (bilateral group), giving an overall incidence of 0.029 per person-year. The annual incidence rate declined linearly from the occasion of the initial fracture. Furthermore, the second hip fracture tended to occur increasingly within 8 months after the initial hip fracture. The second hip fracture was of the same type (trochanteric or cervical) in 79% of the trochanteric and 71% of the cervical fractures. There was no significant difference in the incidence of second hip fracture by gender or age. In addition, there was no significant difference in the distribution of SI grades of the unfractured hip at the initial hip fracture between the 669 patients who had not suffered a second hip fracture (unilateral group) and the bilateral group. Cox proportional hazard regression analysis revealed that increased risk of a second hip fracture was associated with senile dementia and Parkinson's disease. We concluded that careful follow-up of hip fracture patients associated with senile dementia and Parkinson's disease might effectively prevent the incidence of a second hip fracture.
Introduction
Hip fracture is a major public health problem because of its high occurrence rate and its heavy social, economic and human consequences [1, 2] . A survey conducted in Japan in 1997 indicated that 318 out of 100,000 persons aged over 60 years had experienced a hip fracture [3] . As such, successful primary preventive intervention for hip fractures would be extremely valuable.
It has been previously reported that patients with hip fractures have a high mortality rate [4] . However, the prognosis has dramatically improved due to better perioperative care and rehabilitation. It has recently been reported that 80% of patients with hip fracture have returned to their homes after surgery [5] . However, patients who have suffered hip fracture have an increased risk of subsequent fracture of the contralateral hip (second hip fracture) [6, 7] . It is therefore important to act appropriately to prevent the occurrence of a second hip fracture through calcium supplementation, the administration of vitamin D and bisphosphonates, and the use of hip protectors. The more expensive the prophylaxis regime to be used, the greater the requirement for targeting treatment to those at greatest risk of a second hip fracture.
In the present study, we attempted to clarify, through prospective observation, the risk factors for a second hip fracture in patients who had suffered a previous hip fracture.
Materials and methods

Study population
A total of 820 patients aged 65 years and older were consecutively treated for hip fracture at our four affiliated hospitals between January 1, 1996, and December 31, 1999. We excluded 106 patients with pathological fracture or high-energy trauma (e.g., traffic accidents or falls from greater than standing height). The remaining 714 patients, consisting of 130 men and 584 women, were chosen as study subjects. The mean age of the subjects at the time of the initial fracture was 80.7±7.6 years (range: 65-99 years). The follow-up observations for second hip fracture were carried out until September 30, 2001 .
Baseline data collection
The demographic factors investigated in the present study were age and gender. Cognitive function, Singh index (SI), trauma type, fracture type, timing of the operation, length of hospital stay, ambulatory ability and comorbid medical conditions were employed as medical predictors. For the assessment of cognitive impairment, an orthopaedic surgeon evaluated all patients for orientation at the time of admission for the first hip fracture. If disorientation was not observed, the patient was considered to be mentally clear. If disorientation was observed, the patient was considered to be confused, and a psychiatric consultation was requested. In the present study, the patients who were diagnosed as having dementia by the psychiatrist were regarded as dementia patients.
Furthermore, to account for each patient's medical status at the time of the initial fracture, we constructed a binary measure of the general medical conditions based on the presence of the following conditions on the patient's chart: hypertension, stroke and related conditions, Parkinson's disease, ischemic heart disease, chronic obstructive pulmonary disease, gynecological disease, diabetes mellitus, rheumatoid arthritis, and cataracts.
The X-ray studies were reviewed by one senior orthopaedic surgeon. The fractures were classified as either trochanteric or cervical. The unfractured hip radiographs obtained at admission were categorized into the six osteopenia grades according to Singh's criteria, [8] by the same radiologist, who was blinded to other clinical data. Trauma was classified into two types: fall fractures defined as due to falling from a standing height or less; and spontaneous fractures defined as those with no history of trauma.
We evaluated pre-fracture ambulatory ability and post-fracture ambulatory ability at discharge. Pre-fracture and post-fracture ambulation were classified based on standard definitions of community and household ambulators [9] . All community ambulators were able to walk indoors and outdoors, either independently or with assistive devices. Household ambulators were limited to walking indoor, either independently or with assistive devices. Non-functional ambulators were limited to bedto-chair transfers with assistance. Non-ambulators were limited to bed-bound patients.
The timing of the operation represents the period between hospital admission and the operation. The interval between the admission and the operation was measured as the difference, in calendar days, between the date of the operation and the date of admission. The length of hospital stay was calculated in days from the day of admission to the day of discharge.
All data was collected at the time of the initial fracture, and the data regarding trauma type and fracture type were also obtained at the time of the second fracture.
Identification of second-hip-fracture patients
The patients were followed up by the outpatient services of the orthopaedic department at intervals of 3-6 months after discharge. Patients were asked if they had sustained a hip fracture at the contralateral site after the initial hip fracture. For the patients who had not been seen for more than 6 months, computer searches were conducted at each hospital to determine the survival status and the occurrence of the second hip fracture. The computer system contained the identification number, name, address, dates of admission and discharge, diagnosis, and outcomes for each patient. For patients whose survival status and the presence of second hip fracture were unable to be determined through the computer search, a follow-up letter checking for second hip fractures was sent every 6 months.
Analysis
For all patients who were identified through the survey as having had a second hip fracture, confirmatory data was obtained from the relevant orthopaedic units/hospitals that had admitted these patients for this fracture. The end point for patients failing to respond to letters during the follow-up was determined by the date of the last letter received. The final day of follow-up was determined to be one of the following dates (whichever came first): (1) the date of death, (2) the second hip fracture event, (3) the date of the last letter received, or (4) September 30, 2001 . Patients with a second hip fracture constituted the bilateral group, while the remainder constituted the unilateral group.
We analyzed second hip fractures using survival analysis techniques, and we present the relative hazard as the measure of association (Kaplan-Meier lifetime table methods, and a Cox proportional hazard model). For Kaplan-Meier lifetime table methods, the log-rank test is done to detect the statistical difference between groups. A Cox proportional hazard model was used to investigate the univariate and multivariate effects of each potential risk factor for a second hip fracture. The effects are expressed as crude odds ratios, and sex-adjusted and age-adjusted odds ratios were obtained through a logistic regression model.
All tests and calculations were done with the statistical software package SAS 8.1 (SAS Institute, Cary, NC, USA). Differences in the categorical variables of the characteristics were compared using a chi-square test and Fisher's exact test. Nonparametric data such as Singh index and ambulatory ability were tested by Mann-Whitney U-test. Quantitative variables were compared with the use of a two-tailed Student's t -test. To test for trends, the Spearman rank correlation coefficient was estimated. A P value of less than 0.05 was considered statistically significant.
Results
Seven hundred and fourteen patients were observed for 1,579.5 person-years (mean: 2.4±1.4 years per patient) following the initial hip fracture. During the observation period, 45 second hip fractures were identified, giving an overall incidence of 0.029 per person-year. The annual incidence of a second hip fracture was 0.038 per personyear during the first year after the initial hip fracture (the first year), 0.028 per person-year during the second year, and 0.018 per person-year during the third year (Table 1) . Thus, the incidence of a second hip fracture was greatest during the first year, and it decreased linearly time-dependently. The relationship between the interval time between first and second hip fractures and the number of cases is indicated in Fig. 1 . Incidence of second hip fractures tends to rise during the 8 months following the first hip fracture, peaking at 8 months and then tapering off. Twenty patients (44%) experienced a second hip fracture during the first 8 months.
No significant difference was found in the incidence of a second hip fracture between men and women ( Fig. 2) . When the patients were divided into three groups according to age, such as 65-74 years of age, 75-84 years of age, and over 85 years of age, an analysis of the incidence of a second hip fracture indicated no differences among these age groups in either men or women (Figs. 3 and 4).
Ninety-four percent of the patients in the unilateral group and 93% of the patients in the bilateral group were operated on. The other remaining 6% of the patients in the unilateral group and 7% of the patients Fig. 1 The relationship between interval time between first and second hip fractures and the number of cases. The number of second-hip-fracture cases tends to rise during the 8 months immediately after the first hip fracture, peaking at 8 months Fig. 2 Cox regression plot of probability for fracture-free survival following initial hip fracture, in all subjects by gender. The difference between men and women is not significant (P value of log-rank test=0.3486) Fig. 3 Cox regression plot of probability for fracture-free survival following initial hip fracture, in male patients classified into three groups according to age at baseline (65-74, 75-84, 85 and older). The difference between age classes was not significant (P value of log-rank test=0.9219) in the bilateral group either had an impacted cervical fracture, or were considered to be in poor general health. The first fracture in the bilateral group was trochanteric in 24 patients (53%) and cervical in 21 patients (47%). No significant difference was found between the bilateral and unilateral groups where the trochanteric fractures were 402 cases (60%) and cervical fractures were 267 cases (40%) (chi-square test, P = 0.43). The types of second hip fractures were trochanteric in 25 patients and cervical in 20 patients. Furthermore, 79% of the trochanteric fractures and 71% of the cervical fractures were followed by second hip fractures of the same type. There was a strong relationship between the types of first and second hip fractures. (Spearman rank correlation r = 0.508, P <0.001) ( Table 2) .
Forty-three (95.6%) patients in the bilateral group had both initial and second fractures caused by a fall, and 649 (97.0%) patients in the unilateral group had their one fracture caused by a fall (Table 3 ). The rate of unilateral-group patients having a fracture due to a fall did not significantly differ from that of bilateral-group patients having the initial or second fracture due to a fall. Table 4 shows the distribution of SI grades in the bilateral and unilateral groups. All the patients in the bilateral group had an SI grade of 4 or lower, and the largest number of patients was grade 3. In the unilateral group, the largest number of patients was also grade 3. There was no statistically significant difference in the distribution of SI grade between the two groups.
The time from admission to operation was 4.7± 2.6 days in the unilateral group and 4.1±2.4 days in the bilateral group. There was no significant difference between the two groups (t -test, P = 0.18). The length of hospital stay was 58.7±26.2 days for the unilateral group, compared with 59.9±24.4 days for the bilateral group, showing no statistical difference (t-test, P = 0.15).
In the unilateral group, pre-fracture ambulation status was as follows: Community ambulators consisted of 509 patients (76.1%); 144 patients (21.5%) were household ambulators, and 16 patients were non-functional ambulators (2.4%) ( Table 5 ). In the bilateral group, 36 patients (80%) were community ambulators, and nine patients (20%) were household ambulators (Table 6 ). There were no statistical differences in the distribution of the patients between the two groups (Mann-Whitney U-test, P = 0.94). In the unilateral group at discharge, 498 of 669 patients (74.4%) regained their pre-fracture ambulatory ability and 171 (25.6%) lost some degree of ambulatory ability. In the bilateral group 32 of 45 patients (71.1%) regained their pre-fracture ambulatory ability. No significant difference was found between the two groups (Mann-Whitney U-test, P = 0.51).
Finally, an analysis of the relative risk of suffering a second hip fracture with regard to comorbid disease was performed (Table 7) . Patients with senile dementia or Parkinson's disease showed significantly increased risks. The 95% confidence intervals for other diseases did not exceed 1.0, and thus were not significant. Eighteen patients (40%) had senile dementia at the time of the initial fracture, and the risk of suffering a second hip fracture Fig. 4 Cox regression plot of probability for fracture-free survival following initial hip fracture, in female patients classified into three groups according to age at baseline (65-74, 75-84, 85 and older). The difference between age classes was not significant (P value of log-rank test=0.8768) was 2.8-fold higher in these patients. Six patients (13%) had Parkinson's disease at the time of the initial fracture, and this disease was associated with a 3.2-fold increase in the risk of a second hip fracture. Calculation of sexadjusted and age-adjusted relative risk still indicated a significantly increased risk in patients with senile dementia or Parkinson's disease.
Discussion
Vertebral fractures occur in many individuals who live to a mean life expectancy, and preventing recurrence is very important. In particular, hip fractures tend to occur more frequently in the elderly population [10, 11] and are associated with a high mortality rate [4] . Therefore, whether or not the efforts to prevent the recurrence of hip fracture are useful remains controversial. However, due to the recent progress in therapeutics in Japan, approximately 90% of the patients treated for hip fracture are still alive 1 year after the hip fracture, and 67% regain pre-fracture functions [5] . Even so, second hip fractures will continue to need particular attention.
It is difficult to identify individual patients who may be candidates for the prevention of osteoporosis. However, patients who have suffered a hip fracture are usually hospitalized, and this population is easily identified. If it is possible to identify patients at risk of suffering a second hip fracture in this population, it may be possible to prevent a second hip fracture. To identify elderly patients who might benefit from prevention measures, we investigated, in the present study, the risk factors for the occurrence of a second hip fracture. This is the first such prospective study conducted in Japan.
Our results show the incidence of second hip fracture was 0.029 per person-year; i.e., a second hip fracture occurs in 29 out of 1,000 patients with hip fracture annually. It has previously been reported that a second hip fracture occurs in 65-106 out of 1,000 hip fracture patients, but these figures are derived based on results of retrospective studies [6, 7, 12, 13] . There have been a few recent prospective studies concerning second hip fractures [14, 15, 16] , and some of them present findings similar to those of the present study. We therefore believe that the incidence of a second hip fracture in Japanese might be equal to that in Caucasians. Furthermore, the rate of second hip fracture tended to rise during the first 8 months after the first hip fracture, then level off. The number of cases in our study is small, however.
There are two possible reasons for the discrepancies in the incidence of a second hip fracture between prospective and retrospective studies. First, the mortality from hip fracture is high. In prospective studies, patients who die after the initial hip fracture without suffering a second hip fracture are included in the control group (non-second hip fracture group). In retrospective studies, however, these patients may not be included as subjects, because only the patients who are hospitalized during a specific period are surveyed for any history of hip fracture. Second, the observation period is relatively short (2-3 years, in general) in prospective studies, including our study. If a second hip fracture does not occur during such a short period, it is not included in the bilateral group. In contrast, in retrospective studies, if a second hip fracture occurs during the follow-up period, it is included in bilateral group regardless of the duration between the initial fracture and a second hip fracture. We believe that the number of second hip fractures might be larger in retrospective studies than in prospective studies if the same observation period were specified. However, at least 70% of second hip fractures occur within 3 years of the initial fracture [6] . It is therefore thought that an observation period of 3 years might be sufficient for a prospective study. It has been reported that patients with bilateral hip fractures tend to have the same type of hip fracture [6, 7, 13] . In the present study, 75% of the second-hipfracture patients had the same type of fracture in both hips. We believe that this result can be attributed to two factors. Recent reports indicate that trochanteric fractures occur more frequently in patients with more advanced osteoporosis [17, 18] . Michaelsson reported that the risk of cervical fractures increases with longer hip axis length [19] . Thus, the fracture type is affected by bone mineral density (BMD) and geometric proportions involving the proximal femur. We believe these findings suggest that the fracture type was determined by endogenous factors. The second factor is the interval time between two fractures. Dretakis reported that fracture-type tended to be different if the second hip fracture occurred more than 10 years after the first fracture [7] . The decline of BMD with physiologic age and the accordant changes in bone architecture may play a large role in predicting fracture pattern. In our study, the mean follow-up period is 2.4 years, and the patient on the longest follow-up is only 5 years. If the study could have been extended, the results might have been different.
It has previously been held that age and female gender are important risk factors for hip fracture [20, 21, 22] . However, some reports have indicated that there are no differences in age or gender between unilateral and bilateral hip fractures [13, 14, 23] . In the present study, neither age nor gender affected the occurrence of a second hip fracture. There are reports that, in retrospective studies, SI is of doubtful value in predicting hip fractures [24, 25] , but Gluer reported that in prospective studies, low SI was a risk factor for hip fracture [26] . In our study, there was no difference between the unilateral and bilateral groups in the distribution of the SI grade at the time of the first fracture. Therefore, we believe that consideration of age, female gender or SI did not affect the occurrence of a second hip fracture.
Trauma is an important risk factor for hip fracture, as over 90% of hip fractures are the result of a fall [27] . Some patients, however, sustained a hip fracture even though they had no history of trauma. Such cases are referred to as spontaneous fractures, as distinguished from cases of fall-induced fracture [28] . We have previously reported that hip axis length is significantly longer in patients with spontaneous fractures than in those with fall-induced fracture, and that a geometric factor in the area of the proximal femur is involved in the pathogenesis of spontaneous fractures [29] . If a second fracture occurs spontaneously in the bilateral group, it could be attributed to a mechanism different from that of a common hip fracture. However, in the present study, in the bilateral group 95.6% of second injuries occurred due to a fall. As such, falls played an important role in the occurrence of second hip fractures in the bilateral group as well as the unilateral group. Therefore, preventing falls appears to be an important aspect of preventing second hip fractures.
The effects of comorbid disease were investigated in patients with a second fracture, and senile dementia and Parkinson's disease were identified as important risk factors. Both senile dementia and Parkinson's disease are risk factors in trauma injuries [27, 30, 31] . Parkinson's disease patients have an increased tendency to fall because of impaired postural regulation [32] . Patients with dementia fall very easily due to cognitive impairment and a tendency to wander [33, 34] . However, the reason for the high risk of second hip fracture in patients with Parkinson's disease and dementia may not be just from the risk of falls in these patients. For example, ambulatory ability may have been low before the first hip fracture, or rehabilitation may not have proceeded satisfactorily in these patients. These factors may have contributed to the cause of the second hip fracture. However, our study proved that pre-fracture ambulatory ability was similar between the unilateral and bilateral hip-fracture groups. Furthermore, between the two groups, there was no difference in the length of hospital stay, and the percentage of patients regaining their pre-fracture ambulatory ability was similar. Consequently, we can say that patients with second hip fractures did not leave the hospital with poor ambulatory status after their initial fracture. Our results emphasize the importance of preventing falls as a means of preventing a second hip fracture.
Although Koval [35] reported that 41% of hip fracture patients could regain their pre-fracture ambulatory ability, there is a great difference between our results. One reason is that the classification of ambulation used by Koval made greater distinctions than ours did. For example, if a patient who had walked without any assistive device before the first hip fracture used a walking stick after discharge, the patient was classified by Koval as not regaining prefracture ambulatory status. With our classification, this patient was defined as regaining pre-fracture ambulatory ability. Nevertheless, because we are using the same criteria to compare ambulatory ability between the unilateral and bilateral groups, our method is appropriate for this study's purpose.
It is also known that the timing of the operation has an influence on the outcome of the hip fracture [36] , which may have an effect on the cause of a second hip fracture. However, timing of the operation did not differ in the unilateral and bilateral hip-fracture groups in this study. Thus, we are not able to make any determination about whether timing of the operation influences the cause of a second hip fracture.
There were several limitations to our study. Only the initial data was included in the risk factor analysis, because our objective was to identify patients, at the time of initial fracture, who were at high risk for a second hip fracture. Thus, we could not rule out the possibility that patients suffered a new illness leading to falls during the observation period, after the initial fracture.
In this study, as it was not possible to collect BMD data from the majority of patients, we could not compare BMD values between the unilateral and bilateral groups. Past reports suggested that BMD of unilateral and bilateral hip fractures were similar [23, 37] , but recently Chapurlat et al. reported that a second hip fracture is more likely to occur in patients with lower BMD [16] . Thus, if BMD had been measured in our study, the results could have been similar to those of Chapurlat. In the future, we will need to compare BMD values between the unilateral and bilateral groups.
As we do not have a registration system for patients in Japan, we are unable to cover the entire population. However, our data came from rural hospitals that were the only ones in their regions to have orthopaedic specialists. Nearly all the patients sustaining fractures visit these hospitals. Thus, it is unlikely that we missed some second-hip-fracture patients in these areas.
In our study, 2.5% of patients could not respond to our letters because they had moved to other areas, and 14.1% did not respond during follow-up. This was a limitation, as we could not follow some of the patients completely throughout the period of survey. However, when considering characteristics of the area and hospitals where patients were treated, we believe these patients did not differ from others. Furthermore, patients who could not respond during follow-up were included in the study based on the date of their final letters, so the 16.6% of patients lacking complete follow-up did not seem to have a great influence on our results.
Although our total of 714 patients is no less than other prospective studies on second hip fracture, we cannot say that our study was population-based. We therefore recognize the need for a larger study to gain further insights into this important area.
Recent studies [6, 7, 12, 13] have shown that risk of a second hip fracture is high. However, prevention measures have been neglected. Our study suggests that careful follow-up of hip-fracture patients with senile dementia or Parkinson's disease could reduce the incidence of second hip fractures.
